Smoking is the major cause of preventable deaths worldwide, and although there is a decline in overall smoking prevalence in developed countries, the decline in women is less pronounced than in men. Women become dependent faster and experience greater difficulties in quitting. Similar trends have been observed in animal models of nicotine/tobacco addiction. Individual differences in vulnerability to drug abuse are also observed in nicotine/ tobacco addiction and point to the importance of sex differences. This Review, summarizes findings from three experimental approaches used to depict nicotine preference in animal models, intravenous and oral nicotine selfadministration and nicotine-induced conditioned place preference. Nicotine preference is considered to be reflected in the animal's motivation to administer the drug (intravenously or orally) or to prefer an environment paired with the presence of the drug (conditioned place preference). These approaches all point to the importance of sex and age of the subjects; the preference of females and adolescents appear to be more pronounced than that of males and adults, respectively. A closer look at these factors will help us understand the mechanisms that underlie nicotine addiction and develop strategies to cope. Ignoring sex differences and reaching conclusions based only on studies using male subjects has resulted in erroneous generalizations in the past. Sex differences in nicotine preference have been clearly documented, and awareness on this aspect of nicotine dependence will significantly impact our success in translational research. V C 2016 Wiley Periodicals, Inc.
Smoking continues to be a major cause of preventable deaths worldwide, and there is no treatment that works for all smokers. Although tobacco smoking prevalence is gradually decreasing in developed countries, the decline has been less pronounced in women than in men (Perkins, 2001) . Not every person who experiments with tobacco products becomes nicotine dependent, and not all smokers have identical smoking patterns. Individual differences in nicotine/tobacco addiction, including gender, have been clearly documented (Shiffman, 1989; Pomerleau et al., 1993; Perkins, 1995; Pomerleau, 1995; Shiffman and Paton, 1999 ) not only in human smokers but also in animal models of nicotine addiction (AbreuVillaca et al., 2006; Fattore et al., 2008 Fattore et al., , 2009 Nesil et al., 2015c) . Studies suggest that responsiveness to nicotine is influenced by both genetic and nongenetic factors (Portugal and Gould, 2008; Hall et al., 2012) . High-and lownicotine-preferring rat lines have been developed using voluntary oral nicotine intake as the selection criterion , suggesting the heritability of nicotine preference in rats. In humans, the heritability of smoking initiation varies by gender, with women showing greater vulnerability for heritability (66% in women vs. 49% in men; Hamdani et al., 2006) . Sex differences are observed during all stages of nicotine addiction, from initiation to dependence, withdrawal, and relapse. The current Review evaluates sex differences observed in nicotine preference during SIGNIFICANCE Sex differences in brain and behavior have been clearly documented in humans and laboratory animals. The effect of nicotine on the brain is no exception. We have learned from animal models that, as with humans, some animals "like" nicotine and want to get more, whereas others do not "care." The sex and the age of the subjects, in addition to genetic and epigenetic influences, are the major factors that influence individual variability in nicotine preference. Nicotine preference tested by self-administration and conditioned place preference studies in rodents highlight the effect of sex on nicotine preference, which gradually leads to dependence. exposure to nicotine, notwithstanding the fact that important sex differences have been reported during extinction or reinstatement of nicotine-seeking (Feltenstein et al., 2012; Swalve et al., 2016a,b) . In laboratory animals, the methods used for evaluating individual differences in nicotine preference involve "asking" male and female animals if they like nicotine or not. Among the different approaches, those that have been most extensively used are intravenous (i.v.) drug self-administration, voluntary oral nicotine intake, and conditioned place preference (CPP). Table I summarizes the advantages and disadvantages of these three experimental approaches.
Nicotine is the addictive component of tobacco, and the pioneering studies of Corrigall and Coen (1989) have confirmed the reinforcing effects of nicotine by showing that male Long Evans rats learn to repeatedly press the nicotine paired lever to obtain i.v. infusions of nicotine. Rats learn to self-administer nicotine under different reinforcement schedules, namely, fixed or progressive ratio (FR and PR, respectively) . Under FR schedules, if rats find nicotine reinforcing, they will learn how to obtain nicotine faster and will self-administer the drug at higher doses. If PR schedules are used, rats will have to work harder to obtain nicotine; subsequently PR schedules may be reflecting the motivation of the rats to obtain the drug (Donny et al., 1999; Matta et al., 2007; Fattore et al., 2009; Rupprecht et al., 2015) . Sex differences under PR schedules are more pronounced compared with FR schedules, and females are apparently more motivated to obtain nicotine (Donny et al., 2000) .
Oral nicotine self-administration is another approach that is being used extensively to study the reinforcing effects of nicotine in rodents and has some advantages over i.v. nicotine self-administration. Oral nicotine selfadministration in experimental animals was initiated by the studies of Rowell et al. (1983) in mice, using the two-bottle choice. Since then, oral nicotine selfadministration using the free-choice two-bottle design (in some studies more than two bottles have been used) has become one of the most commonly used methods because it provides a direct relationship between the preference for nicotine and nicotine-reinforced behavior (see, for examples, Flynn et al., 1989; Robinson et al., 1996; Adriani et al., 2002a,b; Pawlak and Schwarting, 2002; Klein et al., 2004; Li et al., 2007; Biondolillo and Pearce, 2007; Biondolillo et al., 2009; Isiegas et al., 2009; Galli and Wolffgramm, 2011; Nesil et al., 2011a,b; Wilking et al., 2012) . CPP is a widely used test that is accepted to reflect the conditioned rewarding effects of nicotine as well as the effect of environment previously associated with the drug (Le Foll and Goldberg, 2006) . There are large numbers of studies on nicotine induced CPP, a few of which have included sex as a factor (Yararbas et al., 2010; Locklear et al., 2012; Edwards et al., 2014; Lenoir et al., 2015) . Further studies have implied a significant sex-specific developmental change in nicotine-induced CPP using different rat and mouse strains during different stages of neuronal development. Despite some discrepancies between the studies resulting from methodological issues, overall males and adolescents appear to be more responsive than females and adults to the conditioned rewarding effects of nicotine, respectively.
In line with efforts to provide personalized treatment strategies for patients with drug addiction problems, individual differences in nicotine preference, including the sex of the subject, have been investigated extensively in animal models using different approaches. Although some recent studies use nicotine intake directly (see, for example, Adriani et al., 2002b; Li et al., 2007; Isiegas et al., 2009; Galli and Wolffgramm, 2011; Wilking et al., 2012; Nesil et al., 2011a,b) , others have been employing indirect assessment methodologies. There are some personality traits, such as impulsivity or sensation seeking, that are suggested to predict individual differences in drug abuse vulnerability, including nicotine/tobacco addiction. Several behavioral tests have been developed for the measurement of these traits in rodents. Tests of locomotor activity in a novel environment, interest in a novel object, and delayed responses are the most commonly used behavioral paradigms to measure the impulsivity or novelty-seeking behaviors in rodents (for review see Falco and Bevins, 2015) . The performance of the rats during these tests is then correlated with a nicotine response, for example, sensitization measured by locomotor activity following nicotine administration. Although studies using these tests in rodents suggest a relationship between the measures of personality traits and vulnerability to nicotine/tobacco addiction, there are also some inconsistencies. However, most of the studies in which sex was evaluated as a factor showed significant sex differences. Age was another important factor affecting susceptibility. In most of the studies designed to evaluate the predictive value of a personality trait for sensitivity to nicotine, adolescents and females were found to be more vulnerable than adults and males, respectively. The current Review discusses results from studies in which nicotine was used directly to assess nicotine preference and vulnerability to nicotine addiction.
There are excellent reviews on gender differences in drug abuse and in the central actions of nicotine (see, for example, Shoaib et al., 1994; Lynch et al., 2002; Roth et al., 2004; Lynch, 2006; Viveros et al., 2006; Becker and Hu, 2008; Fattore et al., 2008 Fattore et al., , 2014 Pogun and Yararbas, 2009; Carroll and Anker, 2010; Anker and Carroll, 2011; Bobzean et al., 2014; Strickland and Smith, 2014; Carroll and Smethells, 2015) . This Review on nicotine preference highlights findings from studies in which nicotine self-administration using the oral and the i.v. routes and CPP have been employed and sex was included as a factor. Unfortunately, in the great majority of research studies, only male animals were used. In some published research, the sex of the experimental animals is not mentioned; in this case, probably male animals were used. In some studies in which males and females were used, sex was not included as a factor in the analyses, without even mentioning why the data from males and females were pooled. Sex differences in drug use and abuse, including nicotine/tobacco addiction, have been clearly documented in multiple studies showing that females start at lower doses than males but become drug dependent faster. Females are more likely than males to remain abstinent for shorter periods and therefore relapse after drug withdrawal is more frequent in females than males. Nonpharmacological effects of the drug appear to have a stronger impact on drug dependence in females than in males (for reviewed see Lynch, 2006; Becker and Hu, 2008; Fattore et al., 2008; Pogun and Yararbas, 2009 ). These sex differences are not surprising because there are complex reciprocal interactions among genes, gonadal sex, hormonal sex, effects of hormones on the brain, experience, learning, and social and other environmental influences; these factors cannot be expected to operate similarly on male and female brains. Considering that environmental factors would be much more influential in humans compared with laboratory animals, animal models are very useful in helping us to elucidate some biological attributes of nicotine addiction. Large numbers of studies have focused on the effects of stress on nicotine intake during different stages of development in laboratory animals (Freund et al., 1988; Acri, 1994; Koehl et al., 2000; Adriani et al., 2002b; Kabbaj, 2006; Caldarone et al., 2008; Mathews et al., 2008; Keser et al., 2011; Burke and Miczek, 2014; Nesil et al., 2015b; Torres et al., 2015) . Stress modifies the rewarding effects of nicotine in an age-specific and sexually dimorphic manner, and the effects vary according to the stages of nicotine addiction (for review see O'Dell and Khroyan, 2009; McCormick, 2010; Burke and Miczek, 2014) . This Review does not cover the stress by sex-by-age interactions.
INTRAVENOUS NICOTINE SELF-ADMINISTRATION
Intravenous nicotine self-administration mimics the rapid onset of the central effects of nicotine observed in smokers and results in physical dependence in laboratory animals. Discrepancies between studies using i.v. selfadministration in rats may be explained by the differences in employed reinforcement schedules, the strain of the animals, drug associated stimuli during testing, and the age of the animals (Matta et al., 2007) . Refer to Table II for a summary of related literature.
Adut Rats
Although consensus is not 100%, most of the studies on i.v. nicotine self-administration show that adult female rats acquire i.v. nicotine self-administration at lower doses and faster than males (Donny et al., 2000; Rezvani et al., 2008; Grebenstein et al., 2013; Wang et al., 2014) . Because nonpharmacological stimuli are known to have a reinforcing effect on operant responding for nicotine (Caggiula et al., 2001) , it is plausible that females are responding more than males to the nonpharmacological stimuli, such as tone-light stimuli, rather than nicotine. In fact, both male and female rats can acquire nicotine selfadministration in the absence of light stimuli, but, when the active lever that delivers nicotine is combined with cue lights, active lever responding in female rats exceeds that of males on an FR-5 schedule (Chaudhri et al., 2005) . These findings suggest that the motivation to obtain nicotine may be higher in females than in males, but the behavior may also be confounded by the greater effect of environmental cues on addiction. Females are reported to have higher intake than males in sociallyacquired self-administration, in which rats are accompanied by a demonstrator rat (Wang et al., 2014) . Female rats also appear to be less sensitive than males in adjusting the dose of nicotine based on their preference. At baseline, females that displayed higher rates of nicotine selfadministration than males did not immediately increase their responding when unit-dose was reduced progressively; in other words, female rats did not compensate to obtain the same nicotine dose (Grebenstein et al., 2013) . On the other hand, there are also studies that did not observe sex differences in nicotine self-administration (Feltenstein et al., 2012; Swalve et al., 2016b) . Differences in the rat strain, self-administration protocol, and measure of self-administration reported may underlie the discrepancies in observed sex differences in nicotine selfadministration. It has been demonstrated that the motivation to obtain nicotine is different from food reward (Chen et al., 2012 ). Sex differences in nicotine selfadministration may be affected by training the rats with food reward prior to nicotine. For example, unlike studies in which prior food reward was used and female rats acquired i.v. nicotine self-administration faster than males (Donny et al., 2000; Chaudhri et al., 2005; Lynch, 2009) , males showed faster acquisition than females and no sex differences were depicted following infusions when food reward training was not used (Swalve et al., 2016b) .
Intravenous drug self-administration can be either extended access (up to 24 hr/day) or short access (1-2 hr/ day) under an FR or PR schedule of reinforcement. Although no sex differences were observed during 2 weeks of nicotine self-administration under an FR schedule in rats (Feltenstein et al., 2012) , studies using both short-and extended-access nicotine self-administration paradigms and PR schedules demonstrated that females self-administer more nicotine than males, suggesting that females are more vulnerable than males to developing an addicted phenotype (Donny et al., 2000; Sanchez et al., 2014) .
Adolescent Rats
Intravenous nicotine self-administration during adolescence results in higher intake than in adulthood, and male rats exposed as adolescents initially self-administer higher doses of nicotine than females on an FR-1 schedule (Levin et al., 2011) . However, although male rats decrease their dose as they become adults , females continue with higher rates of selfadministration on FR schedules as they reach adulthood, and female intake exceeds that of males (Levin et al., 2003 (Levin et al., , 2011 . Furthermore, when the FR schedule is changed from 1 to 8, female rats have less control over their behavior than males (Levin et al., 2011) . Adolescent male and female rats self-administer nicotine similarly at lower FR schedules (FR1 and FR2), but female rats increase intake and have higher break points when PR schedules are employed . These findings suggest that adolescent nicotine exposure affects males and females differently, especially when rats have to work more to obtain nicotine, and may have implications for adult vulnerability to nicotine addiction.
Human Smokers
Intravenous nicotine self-administration has also been applied in human subjects (Henningfield and Goldberg, 1983; Harvey et al., 2004; Sofuoglu et al., 2008) . In a recent study (Jensen et al., 2016) , i.v. nicotine was provided to male and female smokers at a doses comparable to those obtained from smoking a tobacco cigarette. All of the doses tested were reported to be more pleasurable than saline. Males preferred lower doses, although among female smokers there was no significant preference difference for the nicotine doses tested. These findings support previous findings and suggest that in humans, as well as in laboratory animals, females may be more sensitive than males to the associated nonnicotine, presumably conditioned, stimuli, and this reinforcing effect of nonpharmacological cues may have a stronger influence on cigarette smoking than on other drug dependencies (Balfour et al., 2000) .
ORAL NICOTINE SELF-ADMINISTRATION
Oral nicotine self-administration mimics human smoking behavior when rodents have free access to a nicotine choice in their home cage, animals are not food deprived, nicotine is available for up to 24 hr/day for extended periods, and environmental cues and learning do not interfere with self-administration of nicotine (Collins et al., 2012) . Nicotine in the drinking water is absorbed in the gastrointestinal system, starting from the mouth, and is metabolized in the liver during the first pass. Subsequently, entry to the brain following oral intake is slower compared with inhalation or i.v. nicotine delivery (Matta et al., 2007) . This lower rate of entry may be considered a disadvantage in studying the rewarding effects of nicotine because the rate of entry of a drug to the brain predicts its addictive potential (Pogun et al., 1991) . Rapid entry of nicotine to the brain through inhaled tobacco smoke is considered to be a major factor that contributes to the addictive potential of cigarettes in human smokers (Benowitz, 1990 (Benowitz, , 2010 Henningfield and Keenan, 1993) . It has been shown that brain nicotine accumulation following smoking a cigarette is faster in women than in men. This faster entry rate is correlated with higher smoking motivation and may explain why women are experiencing greater difficulty in quitting smoking compared with men (Zuo et al., 2015) . Subsequently, sex differences that emerge in animal models using oral nicotine would be expected to be less pronounced than those observed among human smokers. Table III summarizes findings on oral nicotine self-administration in which sex was included as a factor.
Adult Rodents
Female Sprague Dawley rats are reported to consume more nicotine than males, although higher nicotine concentrations diminish this effect (Halder et al., 2013) . On the other hand, no sex differences were seen in other studies using the same species (Maehler et al., 2000; Nesil et al., 2011a) . In mice, some studies showed higher nicotine intake in females than in males (Li et al., 2007; Locklear et al., 2012) ; others did not detect sex differences (Li et al., 2005; Siu et al., 2006) , although in one study there was a trend that did not reach statistically significant levels regarding higher intake in females (Li et al., 2005) . Overall, the few studies evaluating sex differences in oral nicotine preference and intake in rodents suggest either higher intake in females than in males or no significant sex difference. There are also sex differences in weight gain during nicotine exposure; during 6 weeks of exposure to free choice oral nicotine, weight gain in female adult rats was less than that in males (Nesil et al., 2011a) .
Adolescent Rodents
Some studies have examined nicotine intake and preference in male and female rodents during different stages of development using free-choice oral nicotine treatment. The sensitivity of the adolescent brain to nicotine is reported to be higher than in the adult brain (Abreu-Villaca et al., 2003) . When voluntary oral nicotine intakes in adolescence and adulthood are compared, adolescent intake is reported to be higher than intake during adulthood in rats (Maehler et al., 2000; Nesil et al., 2011a) and in mice (Klein et al., 2004) . Although female mice ingested more nicotine than did male mice (Klein et al., 2003 (Klein et al., , 2004 , sex differences in rats did not reach significant levels (Maehler et al., 2000; Klein et al., 2003 2011a). Furthermore, despite different levels of nicotine intake in male and female mice, cotinine levels were similar (Klein et al., 2004) . When inbred strains of mice were tested during early, middle, and late adolescence and adulthood, no sex differences were seen in initial nicotine preference, but an interaction between age and sex emerged, because middle-adolescent and adult females had lower nicotine preference than male mice (Wilking et al., 2012) . On the other hand, Locklear et al. (2012) provided C57BL/6J mice with free-choice oral nicotine using an experimental design that minimized the potential confounding effects of association learning. An increase in nicotine intake over 7 weeks was observed, with females showing greater preference for nicotine than males. After the removal of the nicotine bottle, females also exhibited significantly higher scores of withdrawal symptoms than males. These findings suggest a significant age-by-sex interaction in nicotine preference.
Oral nicotine self-administration was also used to evaluate the effect of gestational exposure on later nicotine preference and suggest that the effects of prenatal nicotine exposure on the offspring are modulated by genetic variability and sex (Cornelius and Day, 2009 ). Pregnant mice received oral nicotine, and pups were tested for nicotine preference as adolescents. Although the nicotine preference of female mice was not affected by gestational nicotine exposure, male mice showed an increased preference for nicotine compared with controls (Klein et al., 2003) . Gestational exposure to nicotine affects not only later nicotine preference but also emotional behaviors, including anxiety, and females appear to be less affected than males by prenatal nicotine exposure. Gestational and/or perinatal nicotine exposure impaired emotional behavior (light and dark box test, marble-burying behavior test, novelty-suppressed feeding test, sociability and social novelty preference test, social avoidance tube test, and elevated plus maze test) more in male than in female offspring (Alkam et al., 2013) .
Individual Differences in Nicotine Preference
Another important factor that interacts with sex and nicotine intake is individual differences in nicotine preference. Using the two-bottle free-choice method, Maehler et al. (2000) showed that adult male and female Sprague Dawley rats could be divided into three groups based on their nicotine intake. We have also used free-choice two bottle oral nicotine self-administration in Sprague Dawley rats, starting exposure at different stages of development. Our results demonstrate that, regardless of age or sex, rats are always divided into three groups based on nicotine preference and intake: minimum-, medium-, and maximum-nicotine-preferring rats (Nesil et al., 2011a) . As an example, Table IV shows the subgroups (Ward's hierarchical clustering method) of rats exposed to oral nicotine choice as adults for 6 weeks. A hierarchical cluster analysis, Ward's method (Ward, 1963) , was used to determine the optimal number of clusters in the data set and partition the rats into homogeneous subgroups, based on average weekly nicotine consumption. Although there are no sex differences, Ward's hierarchical clustering analysis shows that rats are not behaving similarly and are divided into three groups.
Another interesting finding of the Nesil et al. (2011a) study was that different regimens of nicotine exposure significantly impact nicotine intake. When rats are exposed to nicotine as adolescents (5 weeks) and continue intake without interruption until they are adults (28 weeks), there is an overall decrease in nicotine intake, but the average nicotine consumption in maximum-nicotine-preferring male rats is higher than that in females in the same preference group. This observation points to the importance of individual differences in nicotine preference. Nicotine/tobacco addiction progresses through several phases and has different characteristics throughout the life span. When the same rats are evaluated for nicotine preference and intake as adolescents and adults, females show a more persistent pattern than males, that is, rats with minimum preference for nicotine as adolescents continue to have minimum preference for nicotine as adults, whereas male rats modify their preference throughout development (Nesil et al., 2011a) . When the rats in these three groups are analyzed to see the persistence of their preference (in other words, if minimum-, medium-, and maximum-nicotine-preferring adolescent rats fall into the same groups as adults), the preference of the male rats change, whereas females preference level is more stable; overall, male rats "like" nicotine more as they grow, whereas females, especially those in the minimum-nicotine-preferring group, do not change their mind. Isiegas et al. (2009) examined the effect of nicotine on adult male and female mice, using free-choice oral nicotine consumption, CPP, locomotor activity motorization, and antinociception testing. Their results show that males discriminate nicotine better and decrease their consumption when the nicotine dose is increased, whereas females continue drinking the same volume regardless of the nicotine dose. This sex difference was not observed in rats exposed to free-choice oral nicotine, in which rats were divided into three groups based on their nicotine preference and intake as adolescents or adults. Regardless of sex or age, except for those in maximum-nicotinepreferring groups, rats did regulate their intake and (12) *Numbers represent average weekly nicotine intake in rats exposed to a free-choice of nicotine or water (mean 6 SEM). The number of animals in each group are given in parentheses. Modified from Nesil et al. (2011a) .
reduced the amount of liquid they drank from the nicotine bottle; maximum-nicotine-preferring rats did not decrease their intake when dose was increased (Nesil et al., 2011a) . In oral nicotine self-administration studies, usually the bitter taste of nicotine is masked by saccharine. The relation between bitter or sweet taste preference and voluntary oral nicotine intake was evaluated in rats. No association between nicotine preference and sweet tastants was found, but there was a significant positive correlation between bitter taste preference and nicotine intake, observed only in female rats (Nesil et al., 2015a) . Considering that there are parallel observations in human smokers (Enoch et al., 2001; Snedecor et al., 2006) , common genes might underlie nicotine dependence and taste preference in females.
NICOTINE-INDUCED CPP
A few studies have systematically evaluated sex differences in nicotine-induced CPP in rodents. Although CPP does not allow us to examine different phases of nicotine dependence, being able to see the drug-cue association, which is also observed in human smokers, is a major advantage. Human smokers feel a greater urge to smoke in environments previously associated with smoking, and the animal model tests whether the rats had enjoyed the "chamber" in which they received nicotine. Table V summarizes the literature on sex differences observed in nicotine-induced CPP in rodents.
Adult Rodents
Male rats display CPP dose dependently, whereas females either do not show any CPP (Yararbas et al., 2010; Nesil et al., 2011b; Yararbas and Pogun, 2011) or require higher doses (Lenoir et al., 2015) . Furthermore, female rats find nicotine aversive at higher doses (Lenoir et al., 2015) .
Some studies have examined the effect of preexposure to nicotine on nicotine-induced CPP (Shoaib et al., 1994; Nesil et al., 2011b; Edwards et al., 2014) . In an effort to reveal the effect of voluntary, rather than forced nicotine intake on a subsequent test of CPP, we subjected male and female rats to oral nicotine selfadministration using the two-bottle free-choice design starting from either adolescence or adulthood for a period of at least 6 weeks. After nicotine intake for extended periods, rats were tested for nicotine-induced CPP as adults, together with their naive counterparts. The conditioning effect of nicotine was diminished in rats that received nicotine prior to CPP testing; however, the diminished response was more pronounced in rats exposed to nicotine as adolescents than in those exposed as adults. In control rats, consistent with our earlier findings (Yararbas et al., 2010) , nicotine-induced CPP was observed in male but not female rats (Nesil et al., 2011b ). In conclusion, nicotine does not induce CPP in adult female rats, with or without previous nicotine exposure, whereas in male rats previous nicotine exposure eliminates CPP that is robust without previous nicotine exposure. Nicotine-induced CPP produces slightly different results in Wistar rats and in Sprague Dawley rats. In Wistar rats, CPP was observed in female rats as well as in males, but, although males found nicotine aversive at higher doses, females did not show aversion up to the highest dose (1.8 mg/kg; Torres et al., 2009 ). On the other hand, Lenoir et al. (2015) , using Sprague Dawley rats, showed the aversive effect of nicotine on female adult rats (0.6 mg/kg dose); this sensitivity was not observed in the other three groups (adolescent females and adult and adolescent males) in this study.
Adolescent Rodents
Nicotine-induced CPP was demonstrated in female adolescent Sprague Dawley rats using low nicotine doses, but at least five injections were required to establish conditioning. Male adolescent rats also displayed CPP at this level; however, fewer injections were not tested in males, so it is not clear whether male rats also required at least five injections (Natarajan et al., 2011) . In a recent study (Lenoir et al., 2015) in which both male and female adolescent and adult Sprague Dawley rats were tested for nicotine-induced CPP, the nicotine dose required to induce CPP was higher in females than in males, and adolescents were more sensitive than adults. The required nicotine dose to induce CPP in adult female rats was much higher than the required nicotine dose for adolescent females. Kota et al. (2008) observed the same effect in female ICR mice; however, male mice were not included, precluding direct comparison between the sexes. There are few studies on the conditioning effect of nicotine in male and female rats during the preadolescence period. CPP has been observed at very low nicotine doses following a single trial in preadolescent female rats, whereas a higher dose was needed to elicit CPP in males (Edwards et al., 2014) , suggesting that before adolescence female rats are more sensitive to nicotine reward than male rats. Taken together, these studies indicate that the rewarding effects of nicotine, measured by place preference, are dependent on the sex and age of the subject.
Most of the studies on the behavioral effects of nicotine, including CPP studies, pool all the animals in the same group together and discuss group means. However, when one is interested in understanding individual differences, rather than group averages, a different picture emerges. Below are the results from the reanalysis of nicotine-induced CPP using adult male and female rats in our laboratory. Rats received 0.2 mg/kg nicotine/saline during the conditioning sessions (Yararbas et al., 2010; Nesil et al., 2011b) . We applied Ward's hierarchical cluster analysis to determine whether there are subgroups of rats regarding their CPP performance; we used the difference between the time rats spent in the initially nonpreferred compartment during the initial and final sessions as the grouping variable. Although, according to group averages, there is a statistically significant difference between adult male and female rats, some females do Natarajan et al., 2011 display CPP and some males do not (Table VI) . It is interesting to note some of the sex differences in Table VI .
The minimum-nicotine-preferring female rats appear to find the nicotine-paired compartment aversive, although a few female rats find it rewarding. There was only one female rat that fell into the maximum-preferring group, whereas most of the female rats were in the minimumpreferring group. Similarly, in the male groups, minimum-preferring rats do not show CPP.
EFFECT OF SEX HORMONES ON NICOTINE PREFERENCE The effect of sex hormones on drug abuse and specifically of estrogens on responsiveness to psychostimulants in females is well documented in both humans and laboratory animals. In a meta-analysis, Carpenter et al. (2006) emphasize that there are discrepancies among the 13 studies evaluated but suggest that women appear to have greater withdrawal symptoms and find it easier to quit smoking during the follicular (high estrogen) phase of the cycle, notwithstanding the possible confounding effects of premenstrual symptomatology. However, the same group also suggests that timing of quit attempts around the follicular, rather than the luteal, phase of the menstrual cycle may improve success rates (Carpenter et al., 2008) . On the other hand, there are reports of higher success rates in quit attempts and remaining abstinent when women quit smoking during the luteal phase (O'Hara et al., 1989; Allen et al., 2008) . Support for this finding comes from another group who recently studied the relationship between endogenous hormone levels and remaining abstinent; high progesterone levels predicted higher rates of remaining abstinent in smoking women (Saladin et al., 2015) . The positive subjective effects of psychostimulants are highest when estrogen levels are high and not masked by progesterone (Lynch et al., 2002) . Studies from the Sofuoglu laboratory demonstrate that women report decreased subjective nicotine effects during the luteal (high progesterone) phase; this effect is demonstrated in studies testing the effect of exogenous progesterone on smoking (Sofuoglu et al., 2001 (Sofuoglu et al., , 2011 or intravenous nicotine (Sofuoglu et al., 2009) . In a recent study in which smokers received i.v. nicotine following overnight abstinence, women in the luteal phase showed diminished subjective effects and increased cognitive performance compared with women during the follicular phase of the cycle (DeVito et al., 2014) . Although the effect of androgens on smoking or nicotine preference is not apparent, a meta-analysis shows that the nicotine metabolite cotinine inhibits the breakdown of testosterone, and, subsequently, smoking (active or passive) increases testosterone levels in smoker men (Zhao et al., 2016) .
In rodent studies, the effect of gonadal hormones is unclear. Although the estrus cycle phase was reported not to influence i.v. nicotine self-administration (Donny et al., 2000) or nicotine withdrawal (Hamilton et al., 2009) in adult rats, Lynch (2009) did observe an effect of sex hormones on nicotine sensitivity in adolescent female rats; under a PR schedule of i.v. self-administration, responding was negatively associated with progesterone and positively associated with the ratio of estradiol to progesterone. In male rats, testosterone was without effect on nicotine self-administration (Lynch, 2009) .
We have previously shown that nicotine induces CPP, dose dependently, in male rats but not in females (Yararbas et al., 2010) . Apparently conflicting with this observation in Sprague Dawley rats, nicotine-induced CPP was demonstrated in female Wistar rats, and different phases of the estrus cycle did not influence nicotineinduced CPP; furthermore, ovariectomised female rats did not show CPP, suggesting the dependence of nicotine-induced CPP on ovarian hormones (Torres et al., 2009) . In female Sprague Dawley rats, although nicotine alone does not induce CPP, rats treated with the estrogen receptor modulator tamoxifen (TAM) exhibited nicotine-induced CPP; the progesterone receptor antagonist Mifepriston (RU486) was not effective (Yararbas and Pogun, 2011) . TAM is a selective estrogen receptor modulator (Brunton et al., 2008 ) that has both agonist (Dluzen, 2000; Cyr et al., 2001; Dluzen and McDermott, 2002) and antagonist (Young et al., 2001; Walf and Frye, 2005; Esmaeili et al., 2009 ) effects on the brain. Halbreich and Kahn (2000) suggest that the estrogen antagonist effects of TAM are observed mainly in women of reproductive age, although TAM may act as an antagonist in postmenopausal women. TAM antagonizes the effect of estrogen-induced place preference (Walf et al., 2007) and weakens the effect of estradiol on intravenous cocaine self-administration in female rats (Lynch et al., 2001) . If the effects of TAM on the conditioning and rewarding effects of nicotine observed in female rats are also operating in premenopausal women taking TAM, special care should be taken for smoking cessation in this vulnerable group. The numbers represent the difference between the percent of the time spent in the initially nonpreferred compartment during initial and final sessions (mean 6 SEM). The number of animals in each group are given in parentheses. *P < 0.05 (t-test) vs. saline-treated rats, same sex. **P < 0.005 (t-test) vs. saline-treated rats, same sex. ***P < 0.0001 (t-test) vs. saline-treated rats, same sex. # P < 005 (t-test) vs. male rats, same group. ## P < 0.01 (t-test) vs. male rats, same group. ### P < 0.0001 (t-test) vs. male rats, same group.
STUDIES ON RATS PRESELECTED FOR NICOTINE PREFERENCE AND INTAKE Significant individual differences in the nicotine preference and intake of rats were observed when rats voluntarily consumed oral nicotine provided in a two-bottle freechoice design (Nesil et al., 2011a) . The amount of nicotine consumption by rats that have free access to a nicotine/water choice is accepted to reflect nicotine preference (Glick et al., 1996; Biondolillo et al., 2009; Nesil et al., 2011a Nesil et al., , 2015a Locklear et al., 2012; Keser et al., 2013) . Furthermore, high-and low-nicotinepreferring rat lines have been developed to determine the heritability of different nicotine responsiveness traits; oral nicotine self-administration was used as the selection criterion . Considering the individual differences observed in nicotine preference and intake, studies in which male and female rats are preselected based on their preference could be illuminating, especially in supporting the efforts to develop individualized treatments for nicotine/tobacco addiction. In this regard, preselected male and female rats were used to study the cognitive effects of nicotine (Nesil et al., 2015b) , nicotine-induced CPP (Nesil et al., 2011b) , and brain nitric oxide (Keser et al., 2013) . These studies and others point to the importance of sex in understanding the factors underlying vulnerability to nicotine/tobacco addiction SUMMARY AND CONCLUSIONS Sex is an important factor that influences vulnerability to nicotine addiction in humans and in laboratory animals. We can test male and female laboratory animals for whether they "like" nicotine using three approaches, i.v. nicotine self-administration, oral voluntary nicotine selfadministration, and CPP. There are marked discrepancies between the results obtained with these models, possibly arising from the animal species/strain used, effects of sex hormones and nicotine metabolism, and differences in the protocols and nicotine doses employed. Despite these differences in published findings, an overall review of the literature, comparing three methods used to understand sex differences in nicotine preference, suggests that i.v. selfadministration and CPP studies reveal more pronounced sex differences in nicotine preference than those found with oral self-administration. On the other hand, preference differences during different stages of development are significant in all of the three approaches and suggest that adolescents are more sensitive to the effects of nicotine than adults. These findings underscore the importance of hormonal effects and suggest that the nicotine preference of females may be more affected by environmental factors and nonpharmacological aspects of nicotine exposure. In conclusion, nicotine preference as described from self-administration and place preference studies is significantly affected by sex and age of the subjects and shows individual variability. Studies in which sex is not included as a factor are very likely to give misleading results that lead to erroneous conclusions (Cahill, 2006) . When assumptions are made based only on results from male subjects, effective treatment strategies cannot be developed for smoking cessation.
